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Abstract 

This study addresses the need to refine the assessment of employment impacts associated with coal phase-out in 

transition scenarios. We use a multi-sectoral macroeconomic Integrated Assessment Model enhanced by incorporating 

detailed data to improve productivity expectations in the coal sector. We also developed a sub-national economies 

dynamics module enabling the results to be scaled down, which provides qualitatively new information. The analysis 

quantifies job losses and their timing, highlighting regional disparities and vulnerability. The findings underscore the 

importance of integrating support policies for affected employees into carbon neutrality programs in order to enhance 

the feasibility and acceptance of transition pathways.  

Introduction and background 

A rapid and massive phase-out of fossil fuels will be required to meet the Paris Agreement's ambitious targets (IPCC, 

2022). By 2050, most scenarios forecast a steady decline in the use of coal at a rate rarely seen in the past, and in some 

cases unprecedented (Vinichenko et al., 2021). Doubts arise regarding the feasibility of achieving such high rates due to 

political and social resistance fuelled by fears of significant impacts on employment (Ruppert Bulmer et al., 2021). 

Previous experiences in coal-mining regions have demonstrated such concerns (Isoaho and Markard, 2020; Kurz et al., 

2010). This issue is therefore one of the well identified transition risks that merits closer economic analyses. 

Some assessments of climate change mitigation scenarios by large-scale IAMs have sought to capture these impacts on 

employment, often highlighting the overall net benefits of a transition to a low-carbon energy system on employment 

at the regional or global level (Barker et al., 2016; Fragkos and Paroussos, 2018; Jacobson et al., 2019; Pai et al., 2021; 

Pollitt et al., 2015). However, it is not clear that the jobs created will be located in the same areas as those destroyed. 

In addition, the spatial resolution of the models dilutes effects that can be brutal at the scale of production basins. So 

when it comes to transition risk due to sectoral decline in the transition to carbon neutrality, space and location matter.  

Only a small number of studies have looked at these transition risks and the vulnerability of producing regions in the 

context of long-term mitigation scenarios. The main exceptions are McDowall et al. (2023) who provide a mapping of 

regional vulnerability in Europe’s energy transition focusing on high carbon sector, and Alves Dias et al. (2018) focusing 

on coal in Europe.  

In this study, we develop an innovative method to explore transition risks at sub-national level associated with coal 

decline in global decarbonisation pathways. Our study improves upon existing assessments in two ways. Firstly, we 



extend the geographical coverage to include major coal-producing regions, such as China and India, where coal 

transition challenges are especially prominent. Secondly, we develop a data-intensive approach to more accurately 

estimate the evolution of labour productivity in the coal sector, a crucial factor for such assessment. 

Methods 

In this study, we investigate climate change mitigation scenarios using an Integrated Assessment Model (IAM) and 

augment the overall analysis by incorporating a data science approach. 

We use the hybrid Imaclim-R model (see description in Méjean et al., 2019; Waisman et al., 2012). This model's multi-

sector structure and general equilibrium framework make it possible (1) to align technological choices in coal-using 

sectors, particularly the electricity sector, with the choices governing the evolution of coal supply (e.g. investments); (2) 

to take into account of the labour productivity trajectories adjustments in the coal sector in the macroeconomic 

dynamics (Figure 1). 

Two main scenarios are investigated: a baseline and 2°C scenarios. We also explored alternative mitigation scenarios to 

assess the significance of the pathway concerning employment issues, and to measure any path dependency similar to 

that observed for infrastructure, but the results are not presented in this abstract. 

A data science-based approach is being used for enhancing the coal nexus within the Imaclim-R framework. This is based 

on the exploitation of databases at facility level (Global Energy Monitor, 2023; Jasansky et al., 2022). An additional 

downscaling module has also been produced, which enables the economic results to be scaled down and thus provide 

qualitatively new information. 

In order to draw lessons for decision-making from the results, we have supplemented our analysis with a review of 

current and past support policies for employees in the coal sector. 

 

Figure 1. Overview of the innovative approach 

Results 

The analysis quantifies job losses and their timing in order to understand the impact on regional economies (see an 

extract of results in Figure 2 and 3). Figure 2 provides a better view of the stringency of job losses in certain regions, as 

in the Shanxi region in China. It also highlight that production regions are unequally vulnerable to job destruction, 

because the characteristics of production are different. Employment intensity levels differ greatly according to the 

nature of the mines (surface or underground), or the levels of intensity of mechanisation (differences in cumulative 

investment in equipment).  
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The analysis also highlights the fact that the additional job losses in the coal sector caused by the transition to carbon 

neutrality are less than the losses linked to the increase in productivity. Interestingly, even in transition scenarios, job 

losses are not occurring at unprecedented rates, unlike the decline in physical output highlighted by (Vinichenko et al., 

2021). Indeed, past gains in labour productivity at certain periods in coal-producing regions have led to very high rates 

of job destruction, for example in the United States or China in recent decades.  

 

Figure 2 : Job destruction between 2020 and 2050 as a share of 2015 labor force in India and China (baseline on the left, 2°C on the right side). 

 

 

Figure 3. Evolution of job in the coal sector at the Global level, in China and in the USA between 2020 and 2050 (in million full-time equivalent). 

Discussion and perspectives 

The perspective of significant job destruction in the coal sector in some regions shows the importance of fully integrating 

support policies for employees into the programmes implemented to achieve carbon neutrality. Experience has shown 

the extent to which these policies need to be anticipated, as they can only produce effects in the medium term.  

For that reason, we need to supplement our mitigation pathway assessment work with more detailed analyses of the 

impact on employment. Our study paves the way by allowing to better measure the impact and risks, and thus to plan 

and size up the policies needed to support people leaving the labour market. To take this a step further, we intend to 

make a version of the ex post module available so that it can be used with scenarios produced by other IAMs.  
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